We study the presence of impurity bound states within a five-band Hubbard model relevant to iron-based superconductors. In agreement with earlier studies, we find that in the absence of Coulomb correlations there exists a range of repulsive impurity potentials where in-gap states are generated. In the presence of weak correlations, these states are generally pushed to the edges of the gap, whereas for larger correlations the onsite impurity potential induces a local magnetic region which reintroduces the low-energy bound states into the gap.
I. INTRODUCTION
There are at least two reasons why the study of disorder effects in the high-T c superconductors remain an important topic. First, the superconducting state itself is generated by chemical doping which inevitably disorders the samples, and second, local probes of the quasi-particle states near the impurity sites can provide important information on the underlying system. 1, 2 In the case of the cuprates, for example, it was shown how disorder acts to pin competing correlations, providing a natural explanation for the so-called spin-glass phase in the underdoped regime, [3] [4] [5] [6] and STM measurements near isolated Ni impurities showed clear evidence for d-wave pairing symmetry of the superconducting order parameter.
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In the iron-pnictides, several experimental scanning tunneling studies have been performed to investigate the modulations in the electronic spectrum caused by various defects.
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In the case of LiFeAs, for example, it has been recently shown how several kinds of defects exist on the surface, with distinct local structures in the local density of states (LDOS). 15 At present there is no theoretical model capturing the details of the LDOS near these different impurities.
Theoretically, it is well-known that both potential and magnetic impurities can give rise to in-gap states in d-wave and multi-band s ± superconductors. 1, 2, 16 In the latter case, several theory studies of the single-impurity problem have been reported both with simplified two-band models, [17] [18] [19] [20] [21] [22] and within a five-band approach. 23 Here, we extend the study of the single-impurity problem within a five-band model including interactions treated in an unrestricted Hartree-Fock approximation. It is shown how an impurity locally induces orbital and magnetic order which can strongly modify the positions of the spectral in-gap bound states detectable by STM.
II. MODEL
The five-orbital model Hamiltonian is given by
The first term is a tight-binding model,
Here the operators c † iµσ (c iµσ ) create (annihilate) an electron at the i-th site in the orbital µ and with spin projection σ, and µ 0 is the chemical potential. 8 , included up to fifth nearest neighbors. Here, as elsewhere in this paper, the energy units are in electron volt (eV).
The second term describes the onsite Coulomb interaction,
which includes the intra-orbital (inter-orbital) interaction U (U ), the Hund's rule coupling J and the pair hopping energy J . We will assume orbital and spin rotational invariance where the relations U = U − 2J and J = J hold.
The third term is a phenomenological BCS pairing term
with the superconducting (SC) order parameter ∆ µν ij = V ij c jν↓ c iµ↑ where V ij denotes the strength of the effective attraction. The pairing is chosen as next-nearest-neighbor intraorbital pairing, which reproduces the fully gapped s ± state.
The last term in the Hamiltonian is a nonmagnetic impurity term
which adds a local potential V imp at a single site i * in all five orbitals, neglecting the orbital dependence for simplicity.
After a mean-field decoupling of the onsite interaction term (3) in both the "density" and the "Cooper" channels, a Bogoliubov transformation results in the following multi-orbital Bogoliubov de-Gennes equations
where
and
The local densities and the SC order parameters are obtained through the following selfconsistency equations
where X = U , U , J or J .
III. RESULTS AND DISCUSSION
We focus on signatures associated with the s ± state, generated by an intra-orbital superconducting pairing V ij = 0.65 between next-nearest neighbor sites. The chemical potential µ 0 is fixed so that the total density is n = 6.1 (electron-doped), where the system is in the SC state but close to the SDW phase, and a non-magnetic impurity is placed at (x imp , y imp ) = (14, 14) in a 28 × 28 lattice.
For repulsive potentials (V imp > 0), there is an energy penalty for electrons to jump on to the impurity site. From the orientations of the orbitals d xz and d yz at each Fe site, their hopping amplitudes t µν ij along x and y directions are the same but rotated by π/2 with respect to each other. Therefore, the effective "forbidden hopping" effect of the impurity is reflected in d yz with a π/2 rotation with respect to the same effect in d xz , and a local twofold orbital ordering is induced around the impurity. Figure 1(a) shows the orbital ordering around a repulsive impurity. For attractive potentials (V imp < 0), a similar orbital ordering is induced, simply rotated by π/2.
Above a critical value U c (with J = U/4 fixed), local magnetization is also induced around repulsive impurities. An example of the real space distribution of the magnetic order parameter m i = µ (n iµ↑ − n iµ↓ ) µ B is plotted in figure 1(b) . For attractive potentials on the contrary, no induced magnetization is found.
Let us analyze why this effect depends on the type of impurity. The local density of states (LDOS) at site i is given by
and calculated using the "supercell" method, with a 25 × 25 copies of the original 28 × 28 lattice, in order to obtain high spectral resolution with η = 0.001. Figure 2 shows the LDOS for both types of impurities in the U = J = 0 uncorrelated case. Around the repulsive impurity, states are generated inside the SC gap; on the contrary, the gap is almost unchanged and clean around the attractive impurity. These results agree with a previous five-orbital single-impurity study. states in the case of repulsive impurities, the DOS is generally higher at the Fermi level, allowing the Stoner instability to be crossed locally around the impurity site.
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Figure 1(c) shows the obtained SC order parameter and its modulation around the impurity site. A representative singlet component for each orbital µ is given by,
The spatial modulation of this orbitally resolved SC order parameter around the impurity follow the symmetry of their corresponding orbitals; twofold symmetry for ∆ Finally, we analyze the role of the strength of the correlations on the final LDOS. We focus on repulsive potentials, where local in-gap bound states are generated and magnetization can be induced around the impurity. The correlation strength dependence of the LDOS is summarized in figure 3 . The uncorrelated U = J = 0 case can be seen in figure 3(a) .
There are four in-gap bound states at the nearest-neighbor and impurity sites. When the correlations are slightly increased, these states are pushed away from the Fermi level (panels Finally, we discuss the role of correlations on the impurity bound states. At low correlation strengths, the bound states tend to be pushed out of the SC gap. However, when the correlation strength approach a critical value U c , the in-gap bound states are pushed back into the gap, and finally when local magnetization is induced around the potential additional sub-gap peaks appear in the LDOS resulting from the magnetization. 
